Abstract. 2014 The use of small angle neutron scattering (SANS) for the study of systems under non-equilibrium conditions is illustrated by three types of experiments in the field of polymer research : 2014 the relaxation of a system from an initial non-equilibrium state towards equilibrium, 2014 the cyclic or repetitive installation of a series of non-equilibrium states in a system, 2014 the steady non-equilibrium state maintained by a constant dissipation of energy within the system. Characteristic times obtained in these experiments with SANS are compared with the times obtained from quasielastic neutron and light scattering, which yield information about the equilibrium dynamics of the system. The limits of SANS applied to non-equilibrium systems for the measurement of relaxation times at different length scales are shown and compared to the limits of quasielastic neutron and light scattering.
Revue Phys. Appl. 19 (1984) (Fig. 1 b) The definitive step towards non-equilibrium consists in subjecting a system directly to non-equilibrium conditions. This can be done by mixing together two substances, each at equilibrium, whereas the mixture is not, or by changing the extemal conditions like temperature, pressure or an external field (Fig. 2a) , which suddenly places the system under non-equilibrium conditions. In such cases, the system tends to relax towards equilibrium at a given relaxation rate (Fig. 2b) . Fig. 4) , relaxing back to their conformation in the unstretched state (cf. section 3.2). A new elongated chain conformation is adopted which, however, does not follow the variation in the outer dimensions of the stretched sample (affine in Fig. 4) .
Based on the idea that neighbouring network points are not necessarily interconnected through one chain segment (cf. insert in Fig. 4) (Fig. 5) .
A controlled variation of the slowest Rouse mode based on experimental data by variation of the molar mass of the polymer and the solvent viscosity can now be envisaged (circles in Fig. 5 ). This makes it possible to shift a space/time behaviour into the time domain of SANS under non-equilibrium conditions (arrows in Fig. 5 ), and hence to make an accurate plan for the envisaged experiment. [7] and QELS [8] . The dotted line gives the extrapolation between both experimental data according to theory [9] . The circles correspond to the slowest Rouse mode of the coil caused by a « breathing » of the whole molecule at distances of the order of the mean square radius.
Variation of the solvent viscosity changes the time scale but not necessarily the distance scale of the conformational fluctuations of the coil. [10, 11] . A disadvantage, of course, is the need for the preparation of a separate sample for each time to be investigated. The lower time limit of this method is only given by the time to install the initial non-equilibrium state and to quench the sample to the frozen state.
KINETIC OR RELAXATION EXPERIMENTS
The direct measurement of the kinetics of a relaxing system is only possible if the relaxation time is large with respect to the requested measuring time, but the exponential decay of most parameters with the necessity of short scattering runs in the beginning and the possibility of long runs at the end of a kinetic experiment calls for a careful organisation of the allocated beam time. Typical kinetic processes which can readily be followed by SANS approach equilibrium in the range from hours to days (see [12] for the kinetics of Fe3 + hydrolysis in water). A disadvantage of direct kinetic measurement often involves the preparation of a new reacting sample for each instrument configuration (different Q-range).
The lower limits for time resolution in direct kinetic measurements are either given by the scattering power of the sample in conjunction with the primary beam intensity or by the limited data acquisition rate of detector and electronics. They have been reached with a stopped-flow apparatus for SANS at Dl 1 [13] , which gave for the diffusion of sucrose into the hollow sphere of apoferritin a half time of ~ 5 s.
3. 3 CYCLIC EXPERIMENTS. -Neutron scattering investigations of phenomena occurring at a time scale shorter than 10 s are advantageously performed with repeated data collection. Stopped-flow experiments can readily be adopted to a repetitive experimental mode. However, in this mode the consumption of the reacting solutions which goes up with increasing reaction rate can become a limiting factor, especially with SANS experiments, where the relatively large filling volume of 800 J.11 was needed [13] . Small angle X-ray scattering (SAXS) at synchrotron sources, on the other hand, due to the higher intensity of the primary beam, allows the relatively small sample volume of 60 J.11 per cycle with a dead time of 80 ms for the filling and rinsing of the cell.
A cyclic experiment with practically no dead time and optimal use of the available constant primary beam intensity can be performed with a periodic stretching apparatus, with which the molecular response to an extemal deformation is measured [15] . The [ 17] , which could eventually lead to an overlap of both techniques.
